Objective-Recent studies demonstrated an association between a Mediterranean-type diet and Alzheimer's risk. We assessed the association between Mediterranean-type diet adherence and PD status.
INTRODUCTION
Parkinson's disease (PD) is the second most common neurodegenerative disorder after Alzheimer's disease (AD) affecting roughly 1% of individuals overage 60 in North America and Europe. 1 While the role of environmental exposures in the pathogenesis of PD is well established, 2-3 most studies that have investigated associations between PD risk and intake of individual foods and nutrients reported inconsistent results. [4] [5] [6] [7] [8] [9] [10] [11] The most consistent data support the association between higher consumption of dairy products and increased PD risk. 8, [12] [13] More recently, a prospective analysis of two large cohorts, the Health Professionals Follow-Up Study (HPFS) and the Nurses' Health Study (NHS), revealed an association between PD risk and dietary patterns as assessed by the Alternate Healthy Eating Index (AHEI) and the alternate Mediterranean Diet Score. 14 The Mediterranean diet (MeDi) has received attention in recent years because of growing evidence associating MeDi with lower risk for AD, 15 cardiovascular disease, 16 several forms of cancer, 17 and overall mortality. 18 The MeDi is characterized by high intake of vegetables, legumes, fruits, and cereals; high intake of unsaturated fatty acids (mostly in the form of olive oil) compared to saturated fatty acids; a moderately high intake of fish; a lowto-moderate intake of dairy products, meat and poultry; and a regular but moderate consumption of ethanol, primarily in the form of wine and generally during meals. 15, 18 In this case-control study, our aim was to determine whether MeDi adherence is associated with PD and with PD age-at-onset.
PARTICIPANTS AND METHODS

Study population
This study included participants recruited between 1996 and 1998. [19] [20] Participants with PD (n=257) were recruited from two sources: 1. The Center for Parkinson's Disease (CPD) at Columbia University in New York (n=209) and 2. A community-based study, the Washington Heights-Inwood Columbia Aging Project (WHICAP, [21] [22] n=48). Control participants (n=198) were recruited from three sources: random digit dialing (n=130), WHICAP (n=66) and the CPD (n=2). Four participants were excluded from the analyses because a MeDi score could not be calculated because of missing data on one or more food items. The Columbia University Institutional Review Board approved the protocols and consent procedures. Written informed consent was obtained from all participants in the study.
Exposure -Diet
The Willett semi-quantitative food frequency questionnaire (SFFQ; Channing Laboratory, Cambridge, MA) 23 was used to collect dietary data regarding average food consumption in the past year before the assessment. We previously reported validity and reliability of various components of the SFFQ in WHICAP. [21] [22] We followed the method that Trichopoulou and colleagues 18 described to construct the MeDi score as reported in our previous studies. 15, [24] [25] [26] Specifically, we first regressed caloric intake (measured in kilocalories) and calculated the derived residuals of daily gram intake 27 for each of the following seven categories: dairy, meat, fruits, vegetables, legumes, cereals, and fish. Individuals were given one point for each of the following conditions: consumption of a beneficial component (fruits, vegetables, legumes, cereals, and fish) whose caloric-adjusted intake was at or above the sex-specific median; consumption of a detrimental component (meat and dairy products) whose caloric-adjusted consumption was below the sex-specific median; intake ratio of monounsaturated fats to saturated fats above the sex-specific median, and mild to moderate alcohol consumption (>0 to <30 g/d). Participants were given a zero for each of the categories if the caloric-adjusted consumption was outside the range described above.
The MeDi score was generated for each participant by adding the points in the food categories. Thus, the MeDi score ranges from 0-9, with the higher score indicating greater adherence to the MeDi.
Statistical Analyses
Demographics, clinical and dietary characteristics were compared between PD individuals and controls using a t test for continuous variables, and Fisher exact or χ 2 test for categorical variables. Similarly, clinical and demographic characteristics were compared according to the tertiles of MeDi adherence. Logistic regression models were used to assess the association between PD status and MeDi adherence (initially as a continuous variable and then in tertiles), in models either unadjusted or adjusted for caloric intake, age, gender, education, and ethnicity. We subsequently tested associations between PD status and the nine food categories used for MeDi derivation (each as a continuous variable, except for alcohol consumption which was dichotomous as above) by including them all simultaneously in a single adjusted model. Finally, we used linear regression models to investigate associations between MeDi adherence and PD age-at-onset after adjusting for PD duration in years, daily caloric intake, gender, and education.
Results
Participants with PD were younger, had higher education, and were less likely to adhere to MeDi than controls ( Table 1 ). The demographics and total daily caloric intake of the participants based on their MeDi adherence are presented in eTable 1 (supplementary). MeDi adherence (tertiles) was not associated with education, gender, race or caloric intake.
The association between PD status and MeDi adherence was significant (p=0.010) after adjustment for demographic characteristics and caloric intake in a logistic model (Table 2) . For each additional MeDi point, the odds of having PD were lower by 14%. None of the individual food categories was associated with PD.
Among PD participants, mean PD age-at-onset was 62.1 (Table 1) . Greater MeDi adherence was associated with later PD age-at-onset after adjustment for PD duration, daily caloric intake, gender, and education both when MeDi adherence was included in the model as a continuous variable (β=1.09, 95%CI 0.31-1.87; p=0.006) and as tertiles (β=2.3, 95%CI 0.36-4.2; p=0.020).
Discussion
This study suggests that lower adherence to MeDi is associated with PD status. The association persisted after adjustment for multiple potential confounders. The fact that among PD participants, lower adherence was associated with earlier PD age-at-onset further suggests a possible dose-response effect. The relation between MeDi adherence and PD status was not driven by any individual category of the diet but rather the whole pattern.
Previous studies have indicated that environmental factors play a major role in PD; 28 however, most nutritional studies in PD have shown conflicting results. [4] [5] [6] [7] [8] [9] [10] [11] A possible explanation for the conflicting data is that most studies have focused on single nutrients, e.g. vitamins C or E, 7, 29 rather than on dietary patterns. Indeed, the largest prospective study of dietary patterns identified a Mediterranean-like diet as protective of PD both in males (HPFS) and females (NHS). 14 Assessing dietary patterns may be more informative than assessing specific nutrients separately. First, this approach is more consistent with individuals' eating habits, and second, it takes into account interactions among nutrients. This approach has been successful in AD and in non-neurological diseases. 15, 30 The mechanism by which MeDi may be protective in neurodegenerative disorders is largely unknown. Mechanisms that have been hypothesized in the AD literature, include oxidative stress and inflammation. 31 Indeed, oxidative stress has been implicated in the pathogenesis of PD. [32] [33] Complex phenols and other substances including vitamin C, vitamin E, and carotenoid may serve as antioxidants, 34 and are found in high concentrations in the typical components of the MeDi. Inflammation has also been implicated in the pathogenesis of PD, and anti-inflammatory non-steroidal medications may be associated with a lower risk for PD. 35 Adherence to the MeDi may attenuate inflammation. 36 In addition, MeDi adherence may be protective because of lower consumption of compounds which are associated with higher PD risk. We and others have shown an association between animal fat consumption and PD, 37 and the association between higher dairy intake and PD was previously reported. 8, [12] [13] The major limitation of our study is its case-control design. It is possible that the association between lack of MeDi adherence and PD is a result of the PD status rather than its cause. Individuals with PD may lose their sense of smell, 38 which in turn may affect their diet. Furthermore, PD medications may also change eating habits. On the other hand, the fact that a similar association between MeDi adherence and PD was reported from a prospective cohort study 14 supports the notion that MeDi adherence protects from PD, rather than the reverse association. Other unmeasured confounders, including (but not limited to) mood and cognitive function of participants with and without PD may have confounded our findings. Another limitation of our study is its sample size. This study may not be large enough for subanalyses assessing which food products (e.g., more vegetables, less dairy) drive this association.
There are also strengths in our study. We used a validated questionnaire and a wellestablished method for calculating the MeDi score. 18 The outcome measurement of PD was also clear. Participants were evaluated by movement disorders specialists to diagnose PD. We adjusted for multiple potential confounders, including demographic, nutritional and clinical characteristics. Our study was multiethnic which may increase its external validity.
In light of our findings from this retrospective study, larger prospective evaluation of dietary patterns are required to establish a better understanding of nutritional risk factors for PD.
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